The reproductive cycle of mammals can be inhibited by 2 factors, seasonal breeding and dominance control, both potentially important in mole-rats. The gonads and gonadal steroids of dominant (reproductive) and subordinate (nonreproductive) Natal mole-rats (Cryptomys hottentotus natalensis) were investigated to determine the effects of season and social status on reproduction within natal colonies. We found no seasonal differences in concentrations of gonadal steroids of male or female mole-rats. Similarly, the gonadal histology and volume showed no seasonal differences. These results, together with the presence of fetuses, confirm the potential for breeding throughout the year. Reproductive and nonreproductive mole-rats display comparable testosterone and estrogen concentrations in males and females, respectively. Follicular development and the presence and number of sperm in nonreproductive animals suggest that the reproductive quiescence in nonreproductive animals is likely to result from behavioral interference of dominant animals or incest avoidance (or both). Urinary progesterone concentrations of reproductive females were significantly higher than those of nonreproductive females. Although follicular development in nonreproductive females proceeds to the level of Graafian follicles, the number of these follicles present in nonreproductive females was significantly less than that in reproductive females. The reproductive physiology of the Natal mole-rat compares with other loosely social mole-rat species inhabiting mesic areas.
Reproduction is not always continuous in all mammals once they have reached puberty. Reproduction can be inhibited by 1 of 2 factors, seasonal breeding and dominance suppression. Both of these subjects have received extensive attention during the past few decades (Chemineau et al. 2008; CluttonBrock 2002; Gerlach and Aurich 2000; Koenig et al. 1992; Lehman et al. 1997) .
Seasonally breeding mammals display reversible annual cycles of reproduction that ensure young are born when the environmental conditions are most favorable for optimal survival of the offspring. During the nonbreeding season, reproductive function is downregulated or completely halted, and both the gonadal size and production of gonadal hormones undergo regression (Berndston and Desjardins 1974; Hoffmann 1979; Lehman et al. 1997) .
Alternatively, reproduction can be inhibited by dominance where control is orchestrated on the hypothalamo-pituitarygonadal axis. In cooperatively breeding colonies subordinate animals are typically reproductively suppressed by 1 or both of the dominant individuals. The extent of suppression varies from groups where several males and females breed to groups where a single female and 1 or 2 males are responsible for breeding (Creel and Wasser 1991; Emlen 1991) .
African mole-rats are an extremely interesting model to investigate reproductive inhibition, as within the Bathyergidae both dominance and seasonality have the potential to play a role in reproductive status. African mole-rats are subterranean rodents endemic to sub-Saharan Africa. In the family Bathyergidae species display a broad spectrum of social organization, ranging from strictly solitary to highly social, including a broad range of mating strategies ). All solitary species thus far investigated display a defined breeding season (Bennett and Jarvis 1988a; Hart and Bennett 2006; Herbst et al. 2004; Š umbera et al. 2008) . In contrast, with the exception of 2 species, social species in this family have been shown to breed aseasonally (Bennett and Aguilar 1995; Bennett and Faulkes 2000; Bennett and Jarvis 1988b; Sichilima et al. 2008) .
Despite the presence or absence of seasonality, reproduction in all social mole-rat species is regulated by social factors. In social mole-rat colonies reproduction is monopolized by a single female and 1-3 male consorts (Bishop et al. 2004;  w w w . m a m m a l o g y . o r g Burland et al. 2002 Burland et al. , 2004 . All other colony members are reproductively inhibited by the breeders (Bennett et al. 1993 (Bennett et al. , 1996 . The type and extent of reproductive suppression among the different species varies depending on the habitat that they occupy. Reproduction in nonreproductive individuals of highly social mole-rat species, such as naked mole-rat (Heterocephalus glaber) and Damaraland mole-rat (Fukomys damarensis) females inhabiting arid environments, are physiologically suppressed such that all reproductive hormone concentrations are suppressed, ovulation is absent, and males are azoospermic (Bennett et al. 1996 Faulkes and Abbott 1997; Faulkes et al. 1990a Faulkes et al. , 1991 Faulkes et al. , 1994 .
In transiently social species such as the common mole-rat (Cryptomys hottentotus hottentotus) and Mashona mole-rat (Fukomys darlingi) inhabiting mesic habitats, nonreproductive animals are behaviorally suppressed from reproducing. In these mole-rat species, reproductive and nonreproductive animals of both sexes exhibit similar concentrations of steroid hormones Herbst and Bennett 2001; Spinks et al. 1997 ). In addition, nonreproductive animals may refrain from reproducing because of inbreeding avoidance.
Apart from social factors, environmental conditions also have the potential to influence reproduction. Such environmental factors as photoperiod, temperature, and humidity have been shown to play a role in the regulation of seasonal breeding (Bronson and Heideman 1994) . In mammals photoperiod is the most prominent environmental cue used for timing annual reproductive cycles. It is the single most reliable environmental cue to indicate time of year (Saunders 1977) .
Social Natal mole-rats (Cryptomys hottentotus natalensis) can breed continuously throughout the year (Oosthuizen et al. 2008b) , unlike the phylogenetically closely related common and highveld mole-rats, both of which breed seasonally Janse van Rensburg et al. 2002; Spinks et al. 1997) . Although pregnant female Natal mole-rats were captured both during the summer and winter, circulating luteinizing hormone (LH) levels differ significantly between the 2 seasons in both males and females. Nevertheless, the incremental rise of LH in response to a gonadotrophinreleasing hormone (GnRH) challenge did not differ seasonally (Oosthuizen et al. 2008b) . Also, the number, size, and distribution of GnRH-ir-1 neurons in the brain were similar during summer and winter months (Oosthuizen et al. 2008a) . Gonadal hormone levels revealed any seasonal variation in the circulating steroid concentrations.
Although the basal and GnRH-induced LH levels were similar in dominant, reproductive, and subordinate nonreproductive animals, the median eminence of nonreproductive animals contained significantly more immunohistochemical GnRH-ir-1 staining than that of breeding animals, indicating retention of GnRH in nonbreeding animals (Oosthuizen et al. 2008a (Oosthuizen et al. , 2008b .
Previous results on the reproductive function of the Natal mole-rat have been difficult to interpret; therefore we investigated the gonadal function of these animals. The focus of this paper is twofold: first, to determine whether social status is reflected in gonadal morphology and function, and second, to investigate whether seasonal change can be observed in the function and morphology of the gonads.
MATERIALS AND METHODS
Subjects and sample collection.-Natal mole-rats were captured using Hickman live traps (Hickman 1979) . Thirty seven mole-rat colonies were collected from Glengary, KwaZulu Natal (29u199S, 29u439E) during the summer (January, March, and November) and winter (May, June, and August) of 2003 and 2004. After capture, animals were maintained in the laboratory at the University of Pretoria within their colonies for approximately 2 weeks. Procedures on live animals followed guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ) and were approved by the Animal Use and Care Committee of the University of Pretoria. Reproductive status was determined by the presence of nipples and a perforate vagina in females, and in males the size and presence of inguinal testes and a stained mouth was used as a determinant (Bennett and Faulkes 2000) ; thus, animals of both sexes were assigned to either a reproductive or nonreproductive status. Estrogen and progesterone concentrations were measured from a urine sample in females, and samples were standardized against creatinine. Animals were placed in urine traps (cylindrical containers with false mesh wire bottoms to collect urine) early in the morning and returned to their cages after a sample had been produced. Male testosterone concentrations were measured from a plasma sample. Mole-rats were hand-restrained while blood was taken from the saphenic vein in the foot. Heparinized capillary tubes were used to collect 300-400 ml of whole blood for centrifugation. Plasma was stored at 240uC until it was assayed. Assays were validated for use in this species. After sample collection animals were sacrificed by an overdose inhalation of halothane. Ovaries and testes were removed for histological purposes and immediately fixed in Bouin's fixative for 48 h, after which they were transferred to 70% ethanol.
Testosterone assay.-Concentrations of plasma testosterone were determined using a Coat-A-Count total testosterone kit (Diagnostic Products Corporation, Los Angeles, California). The antiserum is highly specific for testosterone and has a low cross-reactivity with other naturally occurring steroids except dihydrotestosterone, which is ,5%.
The assay was validated by testing for parallelism using serial doubling dilutions of unextracted plasma over the dilution range (1:1 to 1:64). The slope of the lines were compared and found not to differ significantly (analysis of covariance [ANCOVA] : F 1,6 5 4.32, P . 0.05) following a log-logit data transformation (Chard 1987) . The sensitivity of the assay (90% binding) was 2.2 nmol/l. The intra-assay coefficient of variation CV was 2.5% (n 5 6).
Estrogen assay.-Estradiol-17b was determined from molerat urine using a Coat-A-Count Estradiol-17b kit (Diagnostic Products Corporation). The antiserum is highly specific for estradiol-17b, with a low cross-reactivity with any other steroids present in the urine. The assay was validated by testing for parallelism using serial doubling dilutions of unextracted urine over the dilution range (1:1 to 1:64) following log-logit transformation of the data (Chard 1987) . The slopes of the lines were compared and found not to differ significantly (ANCOVA F 1,6 5 0.09, P . 0.05). The sensitivity of the assay was 2.0 pmol/l creatinine. The intraassay CV was 9% (n 5 8).
Progesterone assay.-Urinary progesterone concentrations were determined using a Coat-A-Count progesterone radioimmunoassay kit (Diagnostic Products Corporation), as described by Bennett et al. (1996) . The antiserum is highly specific for progesterone, with a low cross-reactivity to all other naturally occurring steroids except 20-a-dihydroprogesterone and 11-deoxycortisol, with a cross-reactivity of 2.0% and 2.4%, respectively. A pooled urine sample (1 with expected high concentrations from a pregnant queen) was double diluted from 1:1 to 1:64 and assayed. The assay was validated for the test species by comparing the slope of the curve produced using serial doubling dilutions of unextracted mole-rat urine (over the range 1:1 to 1:64) against the standard curve (ANCOVA: F 1,6 5 4.91, P . 0.05). The intra-and interassay coefficients of variation CVs were 7% and 11%, respectively. The sensitivity of the assay at 90% binding was 0.4 nmol/l creatinine.
Histological procedures.-Gonads were weighed to the nearest 1 mg using a Sartorius 1213MP scale (Satrorius AG, Goettengen, Germany), and the measurements obtained from the paired testes were averaged. Maximum length and width of the gonads (ovaries and testes) were recorded to the nearest 0.01 mm using a Vernier caliper (Mitutoyo American Corporation, Aurora, Illinois). Tissue samples were dehydrated through a series of alcohol baths and then embedded in a wax cube (Drury and Wallington 1967) . The entire ovary was cut in sections of 7 mm using a microtome and then mounted serially on untreated microscope slides with albumin, but only 20-30 sections in the middle of the testes were mounted in the same way in no specific order. The sections were stained with hemotoxylin and counterstained with eosin.
Ovarian histology.-Follicles were classified according to Bennett et al. (1994) , Bloom and Fawcett (1962) , and Ross et al. (1995) . Primordial follicles were counted in every 10th section (Kevenaar et al. 2006) . Complete counts were made for other follicle types and corpora lutea, and counts were averaged for the 2 ovaries of an individual. The presence of fetuses was recorded. Ovarian volume was calculated to the nearest 0.1 mm 3 by using the formula for an ellipsoid: V 5 4/ 3pab 2 , where a is one-half maximum length and b is one-half maximum breadth (Woodall and Skinner 1989) . A Nikon digital camera (DMX 1200; Nikon, Tokyo, Japan) was used to view, count, and photograph follicles.
Testicular histology.-In the assessment of male fertility we measured the numbers of mature spermatozoa that were present in seminiferous tubules for males that were collected throughout the calendar year. Numbers of spermatozoa ranged from 0 to approximately 100. After examination of the sections throughout the year for several calendar months, a post hoc decision was made to consider individuals with ,30 spermatozoa as having a low titer and those above this unit as having a high titer.
Testes were sectioned at 7 mm; a number of sections with circular tubules was selected and examined at 203 magnification. An ocular micrometer was used to measure to the nearest 1 mm 100 randomly selected, cross-sectioned seminiferous tubules. Sections were examined for presence or absence of sperm and absolute numbers. The degree of spermatogenic activity was determined by counting and averaging the spermatozoa in 15 randomly selected seminiferous tubules. Fewer than 30 spermatozoa per seminiferous tubule was classified as a low level of spermatogenesis, and .30 mature spermatozoa per seminiferous tubule was classified as a high level of spermatogenesis. Testicular volume was calculated to the nearest 0.1 mm 3 by using the formula for an ellipsoid (see above -Woodall and Skinner 1989) .
Statistical analysis.-The statistical program Statistica 7.1 (Stat Soft, Inc., Tulsa, Oklahoma) was used for statistical analysis. Because data were not normally distributed for some of the groups, nonparametric Mann-Whitney U-tests were performed to test for significance. Chi-square tests were used to compare high and low levels of spermatogenesis between seasons for reproductive and nonreproductive males. Statistical results are presented as means 6 SE. A Bonferroni adjustment was not applied (Moran 2003) .
RESULTS
Testosterone assays.-Plasma testosterone concentrations revealed no seasonal differences in either the reproductive (255.4 6 67.2 versus 235.1 6 57.4 nmol/l testosterone; n 1 5 17, n 2 5 16, U 5 128, P 5 0.77) or the nonreproductive male Natal mole-rats (172.9 6 46.2 versus 183.9 6 35.4 nmol/l testosterone; n 1 5 27, n 2 5 35, U 5 405, P 5 0.35). Plasma testosterone concentrations were not different between reproductive and nonreproductive males during either the summer (255.4 6 67.2 versus 172.9 6 46.2 nmol/l testosterone; n 1 5 17, n 2 5 27, U 5 192, P 5 0.37) or the winter (235.1 6 57.4 versus 183.9 6 35.4 nmol/l testosterone; n 1 5 16, n 2 5 35, U 5 235, P 5 0.36).
Estrogen assays.-No significant differences were found from the urinary estrogen concentrations measured in summer and winter for the breeding (3,364.3 6 111.2 versus 1,282.9 6 508.0 nmol estrogen/mmol creatinine; n 1 5 7, n 2 5 9, U 5 25, P 5 0.49) or nonbreeding (2,662.0 6 214.7 versus 1,731.6 6 255.7 nmol estrogen/mmol creatinine; n 1 5 29, n 2 5 25, U 5 270, P 5 0.11) female Natal mole-rats. Estrogen concentrations were not significantly different between reproductive and nonreproductive animals in either the summer (3,364.3 6 111.2 versus 2,662.0 6 214.7 nmol estrogen/mmol creatinine; n 1 5 7, n 2 5 29, U 5 89, P 5 0.62) or the winter (1,282.9 6 508.0 versus 1,731.6 6 255.7 nmol estrogen/mmol creatinine; n 1 5 9, n 2 5 25, U 5 105, P 5 0.77).
Progesterone assays.-We found no seasonal differences in progesterone concentrations in either the reproductive (0.8 6 0.3 versus 6.3 6 4.7 nmol progesterone/mmol creatinine; n 1 5 7, n 2 5 9, U 5 21, P 5 0.27) or nonreproductive (0.1 6 0.1 versus 0.2 6 0.1 nmol progesterone/mmol creatinine; n 1 5 28, n 2 5 25, U 5 309, P 5 0.47) female Natal mole-rats, although the range of the concentrations was much broader during the winter. Reproductive females had significantly higher progesterone concentrations than nonreproductive females during both the summer (0.8 6 0.3 versus 0.1 6 0.1 nmol progesterone/ mmol creatinine; n 1 5 7, n 2 5 28, U 5 37, P 5 0.01) and winter (6.3 6 4.7 versus 0.2 6 0.1 nmol progesterone/mmol creatinine; n 1 5 9, n 2 5 25, U 5 23, P 5 0.01).
Histology of ovarian follicles.-In reproductive females the numbers of the different follicular types did not vary seasonally (Table 1) . Similarly, the numbers of the different follicular types did not vary seasonally in nonreproductive females. A single Graafian follicle was found in a nonreproductive female during the summer months.
Corpora lutea were present in the ovaries of reproductive females during both summer and winter months, with no significant difference between the seasons (Table 1) . A single corpus luteum was found in the ovary of 1 nonbreeding female during the summer. The number of atretic follicles in reproductive or nonreproductive females did not differ seasonally (Table 1) .
A significantly higher number of primordial follicles was identified in nonreproductive than reproductive females (Table 1) . Reproductive females possessed a significantly higher number of all follicular types past the stage of primordial follicles (Table 1 ). The number of atretic follicles was significantly higher in reproductive than nonreproductive females (Table 1) . Fetuses were present in ovarian ducts of reproductive females during both summer and winter months.
Ovarian volume.-No seasonal differences were found in ovarian volume of either reproductive (54.3 6 8.2 mm 3 versus 54.0 6 22.2 mm 3 ; n 1 5 4, n 2 5 9, U 5 13, P 5 0.44) or nonreproductive (14.1 6 1.3 mm 3 versus 21.1 6 3.4 mm 3 ; n 1 5 12, n 2 5 16, U 5 63, P 5 0.13) females. Ovarian volume of reproductive females was significantly greater than that of nonreproductive females (54.2 6 8.3 mm 3 versus 17.1 6 1.7 mm 3 ; n 1 513, n 2 5 28, U 5 16, P 5 0.01). Testicular histology.-We found no significant difference (n 1 5 12, n 2 5 25, U 5 118, P 5 0.30) in the seminiferous tubule diameter of reproductive males (198 6 15 mm) compared with nonreproductive males (191 6 16 mm). Signs of spermatogenesis were observed in the testes of reproductive and nonreproductive males during both the winter and summer months. Reproductive males showed higher levels of spermatogenesis throughout the year (83% at high levels in winter versus 66.3% in summer; x 1 2 5 7.43, P 5 0.01), whereas nonreproductive males showed slightly higher numbers of spermatozoa in the winter months than during the summer months (37.5% at high levels in winter versus 20% at high levels in summer; x 1 2 5 0.88, P 5 0.35). Testicular volume.-No seasonal difference was observed in testicular volume of reproductive (168.6 6 33.5 mm 3 for summer versus 116.4 6 35.5 mm 3 for winter; n 1 5 4, n 2 5 6, U 5 3, P 5 0.06) and nonreproductive males (107.3 6 40.8 mm 3 for summer versus 112.3 6 24.5 mm 3 for winter; n 1 5 10, n 2 5 16, U 5 77, P 5 0.87). Testicular volume of reproductive males was significantly greater than that of nonreproductive males during the summer (168.6 6 33.5 mm 3 versus 107.3 6 40.8 mm 3 ; n 1 5 6, n 2 5 10, U 5 7, P 5 0.01). However, during the winter we found no difference (n 1 5 4, n 2 5 16, U 5 31, P 5 0.96) in testicular volume between reproductive males (116.4 6 35.5 mm 3 ) and nonreproductive (112.3 6 24.5 mm 3 ) males.
DISCUSSION
In social mole-rats reproduction typically occurs throughout the year . Thus far only 2 species of social mole-rats have been found to breed seasonally, the common mole-rat (C. hottentotus hottentotus- Spinks et al. 1997 Spinks et al. , 1999 and the highveld mole-rat (Cryptomys hottentotus pretoriaeJanse van Rensburg et al. 2002) . Despite being closely related to these 2 species, the Natal mole-rat does not appear to be a seasonal breeder (Oosthuizen et al. 2008a (Oosthuizen et al. , 2008b ; this study). We found no significant seasonal differences in any of the TABLE 1.-Mean (6SE) numbers of follicles and corpora lutea (C. lutea) of dominant, reproductive, and subordinate nonreproductive female Natal mole-rats during winter (W) and summer (S). P-values are presented for Mann-Whitney U-tests for seasonal difference in number of the respective follicle types in reproductive and nonreproductive female Natal mole-rats and difference between the reproductive and nonreproductive female Natal mole-rats. urinary estrogen or plasma testosterone concentrations investigated in this study with respect to reproductive status. Histological investigations revealed no seasonal differences in the numbers of ovarian follicles or the size of the ovaries. Furthermore, fetuses were detected at all times of the year. The volumes of the testes and the presence of spermatogenesis of reproductive and nonreproductive males were comparable throughout the year. Testicular volumes of reproductive males were significantly greater than those of nonreproductive males during the summer. Lack of seasonality in the Natal mole-rat also was found in the LH responses and brain morphology of this species (Oosthuizen et al. 2008a (Oosthuizen et al. , 2008b . In contrast to the Natal mole-rat, reproductive female highveld mole-rats exhibit seasonal periodicity in estrogen and progesterone plasma concentrations, with concentrations elevated at the onset of winter. However, testosterone concentrations in male highveld mole-rat males show no seasonality (Janse van Rensburg et al. 2002) .
Periodicity in environmental factors can play a major role in the seasonal regulation of reproduction (Bronson and Heideman 1994) . Both common and highveld mole-rats inhabit regions with very distinct seasonal variations in several environmental parameters, including temperature, rainfall, and the sudden flush of green vegetation. Rainfall softens the soil and allows burrowing activity, with the subsequent exploitation of geophytic food resources. Regions occupied by the Natal mole-rat also display clear seasonal differences in temperature and rainfall; however, the yearly rainfall for the region in KwaZulu Natal is approximately twice that of the Cape Town area where the common mole-rat occurs, and 50% greater than that of the Pretoria area where the highveld molerat occurs (South Africa Rain Atlas, http://134.76.173.220/ rainfall/index.html). For a large part of the year food is readily available and the soil is workable such that dispersal opportunities are available. Therefore, rainfall is potentially an important factor for determining seasonal breeding in social mole-rats. In the Natal mole-rat rainfall is not a limiting factor, and reproduction is possible throughout the year. Therefore this species can make use of these favorable rainfall conditions as they arise throughout the year.
In animals with cooperative breeding systems unequal distribution of reproductive success among individuals in a group is common (Keller and Reeve 1994) . In such social systems reproductive animals may inhibit reproduction of nonreproductive animals through behavioral interactions (Abbott 1987; Abbott et al. 1988) . In extreme cases reproduction can be completely suppressed by a physiological block to ovulation (Bennett and Faulkes 2000; Bennett et al. 1996; Faulkes et al. 1990b ). In social mole-rat species reproduction is highly skewed toward a single reproductive female and a small cohort of male consorts, and reproduction of nonreproductive animals is suppressed to various degrees. Male nonreproductive mole-rats do not appear to be suppressed physiologically while in the confines of the natal colony. Such a scenario is also found in the highveld mole-rat (Janse van Rensburg et al. 2002 ) and the Damaraland molerat, where reproductive and nonreproductive males exhibit comparable concentrations of circulating testosterone (Bennett 1994) . Nonreproductive naked mole-rat males have significantly lower urinary testosterone levels when compared with reproductive males (Faulkes et al. 1991) . Although testosterone levels are sufficient to support spermatogenesis (Faulkes et al. 1994) , the number of spermatozoa produced is significantly less than that of reproductive animals and most sperm are nonmotile (Faulkes and Abbott 1997; Faulkes et al. 1994) , suggesting that males are physiologically suppressed from reproduction (Faulkes et al. 1991) . Reproduction in the naked mole-rat appears to be orchestrated as a result of dominant control by the reproductive female (Faulkes et al. 1990b; O'Riain et al. 1996; Reeve et al. 1990) , whereas all evidence suggests that incest avoidance and outbreeding through self restraint are operational in other social bathyergid species (Bennett 1994; Burda 1995; Rickard and Bennett 1997; Spinks 1998) . In Cryptomys and Fukomys mole-rat colonies typically consist of the reproductive pair and successive litters of their offspring , and it appears that incest avoidance alone is sufficient to inhibit reproduction in subordinate male mole-rats.
Reproductive and nonreproductive female Natal mole-rats exhibit comparable concentrations of urinary estrogen; hence nonreproductive females undergo follicular development. Nonreproductive females occasionally possess Graafian follicles. Conversely, estrogen levels in highveld mole rats are much lower in nonreproductive females (Janse van Rensburg et al. 2002) , suggesting a physiological block to reproduction operating at the level of the ovary. Natal, highveld, and Damaraland mole-rats all exhibit outbreeding, but the difference in reproductive suppression among the species can result from different ecological constraints placed upon them. Regular rainfall in the Natal midlands provides frequent dispersal opportunities for the Natal mole-rat, whereas strictly seasonal rainfall patterns in the habitats of the highveld and Damaraland mole-rats inhibit dispersal, and as a consequence, resultant opportunities for independent breeding are less frequent .
Progesterone concentrations were substantially higher in reproductive than nonreproductive female Natal mole-rats. The Natal mole-rat is an induced ovulator (Jackson and Bennett 2005) . Ovulation and subsequent development of the corpus luteum is dependent on coitus. Lack of opportunities for coitus in nonreproductive female Natal mole-rats due to incest avoidance while in the confines of the natal colony is consistent with the finding of low to nondetectable concentrations of progesterone in these animals. Similar results have been found in both the Damaraland mole-rat and the naked mole-rat (Clarke and Faulkes 1997; Clarke et al. 2000; Faulkes et al. 1991) . Progesterone is secreted primarily by the corpus luteum (Frandson and Spurgeon 1992) . Because follicular development does not result in the production of corpora lutea in subordinate females, progesterone concentrations remain low. The reproductive female exhibits the highest concentration of progesterone in the colony and nonreproductive females typically have much lower progesterone levels (Clarke and Faulkes 1997; Clarke et al. 2000) . In both the naked and Damaraland mole-rats progesterone levels increased significantly in nonreproductive females after the removal of the breeding female (Faulkes et al. 1990a; Snyman et al. 2006 ). This observation implies that the queen has a suppressive influence over the subordinate, nonreproductive females. Thus, our results suggest that reproduction in both male and female subordinate, nonreproductive Natal mole-rats is not through physiological suppression but rather incest avoidance.
